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structures, suggesting that Hh signaling is necessary for posterior half
identity in Xenopus. Here we explore the role of Wnt in Xenopus ear
with gain and loss of function experiments. Conditional blocking of
canonical Wnt signaling results in severe reductions in the number of
sensory organs and semicircular canals. Of the two most common
phenotypes, one resembles ears with mirror posterior duplications,
suggesting that Wnt signaling may play a role in anterior half identity.
By placing beads containing Wnt3a protein on inner ears after half-
ablation, we are testing to see if Wnt signaling is sufficient to rescue
the loss of any of these tissues. Our preliminary results suggest that
Wnt3a protein alone is sufficient to rescue the severe loss in inner ear
structures resulting from dorsal but not ventral half ablations.
Supported by NIDCD.
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Development of the sensory elements of the posterior macula are
specifically regulated by Hh signalling in zebrafish inner ear
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The inner ear is responsible for the perception ofmotion and sound
in vertebrates. The functional unit of the inner ear is the sensory patch.
Each patch consists of hair cells and supporting cells and is associated
with sensory neurons whose cell bodies lie in a ganglion close beneath
the ear epithelium (Adam et al. 1998; Fritzsch et al. 2000). In this work
we focus on the study of the generation of the key functional units of
the inner ear the sensory patches and analyse the signalling pathway
that coordinates the production of the neurosensory elements. Using
specific zebrafish transgenic lines to visualize the dynamics of hair cell
and neuronproduction, we show that development of the anterior and
posteriormaculae is asynchronic and asymmetric, suggesting that they
are under the control of different signals. Cell tracing experiments at
single-cell resolution using lipophylic dyes demonstrate that otic
neurons specifically innervating each macula are spatially segregated
within the statoacoustic ganglion (SAG). Finally, we identify the Hh
pathway to be crucial in: i) coordinating the production of hair cells,
and ii) controlling the specific innervation of the posterior macula.
This work was funded by the grant BFU2006-05604 from the
MICINN (Spain) to CP. DS is a recipient of a postdoctoral contract Juan
de la Cierva from the MICINN.
doi:10.1016/j.ydbio.2009.05.416
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Wnt4/β-catenin signaling is required for germ cell survival in the
fetal ovary
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Female germ cells are essential for ovarian organogenesis since in
their absence follicles do not form. When Wnt4 is inactivated in the
mouse fetal ovary, most germ cells undergo apoptosis before birth.
Moreover, when β-catenin is ablated in somatic cells of the fetal
ovary, embryos develop germ cell loss phenotype identical to that in
the Wnt4 knockout (KO), suggesting that WNT4 and β-catenin
operate in a common pathway required for female germ cell survival.
The goal of this study was to identify the mechanism of female germ
cell loss in the absence of Wnt4/β-catenin signaling. In addition to
germ cell loss, ectopic androgen production and upregulated inhibin
beta b (Inhbb) expression were found in the fetal ovary withoutWnt4
or β-catenin. Therefore, we hypothesize that germ cell loss in the
Wnt4 and β-catenin KO ovaries could result from ectopic androgen
production and/or elevated Inhbb. The persistence of germ cell loss in
the β-catenin KO embryos after treatment of antiandrogen flutamide
indicated that androgens are not responsible for germ cell loss. We
argue that if activin B, the protein product of Inhbb, cause female
germ cell death in the absence of Wnt4, removal of Inhbb in the Wnt4
KO background should prevent germ cell loss. Indeed, germ cell
numbers were restored in the Wnt4/Inhbb double KO ovary. These
results indicate that maintenance of female germ cells is controlled
by a pathway operated by somatic cell-derived factors. WNT4, via the
action of β-catenin, antagonizes the production of Inhbb and activin
B. Without the Wnt4/β-catenin pathway, activin B causes female
germ cell demise and premature ovarian failure.
doi:10.1016/j.ydbio.2009.05.417
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VEGF mediated endothelial migration is required for
testis morphogenesis
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Developingorgansmust recruit andpattern avascular supplyduring
morphogenesis. The mammalian gonad is a unique model for organ
morphogenesis because it arises as a bipotential primordium and
develops into either a testis or an ovary. One of the first morphological
events distinguishing the testis from the ovary is divergent vascular
development. In the testis, endothelial cells undergo a highly directed
migration that avoids presumptive domains of aggregating testis cords.
Previous observations indicated that Sertoli cells induce endothelial
migration. However, pathways that affect male-specific migration are
also critical formultiple other functions, including Sertoli cell specifica-
tion, making the identification of signals controlling discrete morpho-
genetic events difficult. Vegfa is a potent modulator of endothelial cells
and is expressed broadly in the gonad. We blocked VEGF signaling
during thebipotentialwindowofgonaddevelopment. In treatedorgans,
male-specific vasculature fails todevelopand testis cordmorphogenesis
is blocked. Surprisingly, Vegfa is specifically enriched in interstitial cells
of the testis, not Sertoli cells. Live imaging afterVEGF inhibition revealed
defects during interstitial proliferation, although Sertoli cell specifica-
tion appeared normal. In vivo results show a specific role for the
vasculature in supporting the development of a subset of interstitial
cells, male-specific Leydig cells. Blocking VEGF thus uniquely inhibits
male-specific vascularization and interstitial cell proliferation, demon-
strating their requirement during testis cord morphogenesis while
distinguishing these events from earlier Sertoli cell specification.
doi:10.1016/j.ydbio.2009.05.418
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Functional and phylogenetic analysis Fgf8 shows that Fgf8 is not
involved in external genital development
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In mammalian embryos, male and female external genitalia
develop from the genital tubercle. Genital outgrowth is maintained
by the urethral epithelium, and it has been reported that Fgf8mediates
this activity in a manner similar to the AER of the limb bud. To test
directly whether Fgf8 is required for external genital development, we
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conditionally removed Fgf8 from urethral epithelium. Surprisingly,
Fgf8 is not necessary for initiation, outgrowth or normal patterning of
the genitalia. Analysis of 22 Fgfs revealed no redundancy in the
urethral epithelium, in contrast to the situation in the AER. To deter-
mine whether the Fgf8 pathway is activated during external genital
initiation, we examined 4 downstream targets and show that these
markers are either absent from early genital tubercles or are not
regulated by Fgf8. Mapping of Fgf8 protein distribution indicates that
Fgf8 is undetectable in the genital tubercle. Thus, Fgf8 is transcribed
but not translated, and the pathway is not activated. Finally, a
phylogenetic survey of Fgf8 expression in amniote genitalia reveals
expression in eutherian and metatherian mammals, but absence from
turtles and alligators, indicating that Fgf8 expression is neither a
required nor a conserved feature of amniote external genital develop-
ment. We propose that Fgf8 expression is an early readout of the
genital initiation signal rather than the signal itself, and suggest that
cloacal ectoderm may be the source of the initiation signal.
doi:10.1016/j.ydbio.2009.05.419
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Sonic hedgehog controls growth of external genitalia by
regulating cell cycle kinetics
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Embryonic development requires tight coordination of pattern
formation and growth. Sonic hedgehog (Shh) has been implicated in
both of these processes, and recent work in the limb and brain has
suggested that specification of positional identity and elaboration of
pattern involves Shh-mediated expansion of progenitor cell pools.
Shh has been shown to regulate expression of several cell cycle genes,
although how these interactions influence the rate of growth is not
understood. In this study we show that, in the developing genitalia,
Shh signaling controls growth by regulating the length of the cell
cycle. Conditional inactivation of Shh in the genital tubercle extends
the cell cycle from 8.5h to 14.4h, and growth of the genitalia is
reduced by 75. The early molecular pattern of the genital tubercle is
surprisingly normal in the absence of Shh, however genes that
regulate the G1/S transition are downregulated and the duration of
G1 is extended. This leads to fewer cells entering S-phase, which
reduces the number of progenitor cells and, ultimately, the size of the
genitalia. The ability of Shh to regulate cell number by controlling the
length of specific cell cycle phases identifies a novel mechanism by
which Shh regulates growth during organ patterning. These results
have additional implications for understanding hedgehog pathway-
mediated tumor progression and heterochronic changes during
morphological evolution.
doi:10.1016/j.ydbio.2009.05.420
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Programmed cell death (PCD) is not only important in regulating
development and homeostasis in multicellular organisms but also
sculpting the shape and structure of developing limb. It is
coordinated by reciprocal epithelialmesenchymal interactions be-
tween specialized regions of limb bud under the effects of different
signaling factors. Bone morphogenetic proteins (BMPs) are secreted
signals shown to regulate PCD in developing limb but the intracel-
lular molecular components and pathways remain largely unknown.
Smad1 and Smad5 are two of the logical candidates as they are
intracellular mediators of BMPs signaling. Knock-out of BMPs and its
signaling components results in early embryonic lethality that
hinders their studies in limb formation. To circumvent the problem
and allow studies of Smads in developing limb by loss-of-function
approach, Cre/loxP systemwas employed to inactivate Smad1 and/or
Smad5 in developing limb ventral ectoderm by the use of Smad1
and/or Smad5 floxed alleles and Engrailed1-Cre-recombinase trans-
gene that express in ventral ectoderm and apical epidermal ridge. Our
preliminary data showed that either inactivation of Smad1 or Smad5
resulted in phenotypic abnormalities in limb. However, Smad1/5
double conditional mutant has syndactyly. Thus, Smad1/5 are
required and function redundantly in BMPs-mediated interdigital
PCD. Experiments including cell proliferation, cell death assay and in
situ hybridization are being performed to investigate possible
molecular mechanisms of Smad1/5 in regulating interdigital PCD.
doi:10.1016/j.ydbio.2009.05.421
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Sall genes regulate region-specific morphogenesis in the mouse
limb by modulating Hox activities
Yasuhiko Kawakamia, Yukako Uchiyamac,
Concepcion Rodriguez Estebanb, Toshiaki Inenagac,
Naoko Koyano-Nakagawaa, Merce Martid, Marie Kmitae,
Paula Monaghan-Nicholsf, Ryuichi Nishinakamurac,
Juan C. Izpisua Belmonteb,d
aStem Cell Ins., Univ. Minnesota, USA
bGene Exp. Lab., Salk Institute, USA
cKumamoto Univ., Japan
dCMR-Barcelona, Spain
eIRCM, Université de Montréal, Canada
fDepartment of Neurobiol., Univ. Pittsburgh, USA
The genetic mechanisms that regulate the complex morphogen-
esis of generating cartilage elements in correct positions with precise
shapes during organogenesis, a fundamental question in develop-
mental biology, is still not well understood. By focusing on the
developing mouse limb, we confirm the importance of transcription
factors encoded by the Sall gene family in proper limb morphogen-
esis, and further show that they have overlapping activities in
regulating regional morphogenesis in the autopod. Sall1/Sall3 double
knockout (dKO) mutants exhibit defects in the autopod. We show
that Sall activity affects the Shh signaling pathway and the Hox
network. Shh signaling is partially impaired in the Sall mutant limbs.
Additionally, our data suggest an antagonism between Sall1Sall3 and
Hoxa13Hoxd13. We demonstrate that expression of Epha3 and Epha4
is downregulated in the Sall1/3 dKO mutants, and conversely,
upregulated in Hoxa13 and Hoxd13 mutants. Moreover, the expres-
sion of Sall1 and Sall3 is upregulated in Hoxa13 and Hoxd13 mutants.
Furthermore, we show that Sall and Hox compete for a target
sequence in the Epha4 upstream region. In conjunction with the Shh
pathway, the antagonistic interaction between Hoxa13Hoxd13 and
Sall1Sall3 in the developing limb may contribute to fine-tuning local
Hox activity that leads to proper morphogenesis of each cartilage
element of the vertebrate autopod.
doi:10.1016/j.ydbio.2009.05.422
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